We hypothesized that cells with different diameter have different division rates, which could affect lipid productivity (lipid content × biomass productivity). In the present work we assessed the influence of cell diameter, as a sorting parameter, on both biomass and lipid productivity of Chlorococcum littorale. Prior to sorting, cells were grown in a batch-wise nitrogen run-out including a long nitrogen depleted phase (N−) to stop cell division, thus only having vegetative cells (Pre-sorting). Cell sorting was done at the end of this N− phase using FACS (fluorescence assisted cell sorting) based on forward scatter as a proxy for diameter (size ranges (μm): 5-6 (small), 8-9 (medium), 11-14 (large) and 5-14 (control)). The sorting was done in 2 pools: multiple-cell (100 cells) and single-cell. After sorting, cells were recovered under low-light for 2 weeks, and used to start the Post-sorting experiment (analogous to Pre-sorting). The populations derived from different sorted pools, single-cell and multiple-cell, showed similar size distributions after re-growth. No difference was observed in biomass and lipid productivities among Post-sorting cells and when compared to Pre-sorting cells under nitrogen depletion. We concluded that cellular size had no effect on both biomass and lipid productivity of C. littorale.
Introduction
Microalgae have shown potential to replace current feedstock for bulk commodities [11, 36] . The positive aspects of microalgae bulk production include sustainability and versatility of the production chain when compared to land crops [10] . Nevertheless, reported biomass and lipid productivities need to be improved to make bulk production economically feasible for commodity products, such as plastics or fuels [26, 28] .
One approach to increase productivity is to develop more productive strains. This can be done by taking advantage of the natural genetic variability of a parental population to screen and sort cells with different features (e.g. high lipid producers) [22, 37] . Another possibility is to increase genetic variability by inducing mutations in a parental population and screen and sort for mutants with abnormal improved features [7, 13, 32, 35] . Fluorescence assisted cell sorting (FACS) is a method which allows rapid screening and sorting of cells with desired characteristics. Sorted cells can be regrown, possibly leading to a new improved culture [13, 32, 35, 37] . FACS can sort cells based on multiple fluorescence and light scattering parameters, which makes it a versatile technology.
Chlorococcum littorale has a high lipid content [29] , high photosynthetic efficiency under nitrogen stress [3] , and has been used in FACS before [9] and for this reason has been chosen in this study. C. littorale is a unicellular microalga whose cell size can range from 5 to 14 μm in the vegetative stage [25] . C. littorale can reproduce sexually and asexually by multiple-fission of the mother cell, into 2 to 16 daughter cells (in the shape of spores that can be haploid or diploid, in case of asexual or sexual reproduction, although there is no morphological differences between the two kinds of spores) [25] . The formation of spores is relevant for the sorting, since dividing cells could be mistaken for a large vegetative cell. Up to now the regulation of cell size in microalgae is not completely understood [4, 27, 33] . Studies with Chlamydomonas, a genus with multiple-fission cell division, showed a positive correlation between mother cell's sizes and the number of generated daughters [27] . Other authors have shown that cells might even continue their division without doubling their cell volume. Hence, such cells would produce bigger daughter cells, that would generate more and smaller cells in the next division [4] . Both studies point to a possible influence of cell diameter on the growth patterns of following generations. Up to date, no report has focused on the possible effect of size of vegetative cells on the biomass productivity of bulk cultures. We hypothesized that cells with different diameter have different division rates, which could affect biomass productivity. Hence, differences in biomass productivity could consequentially affect lipid productivity (lipid content × biomass productivity).
In the present work we assessed the influence of cell diameter, as sorting criterion, on both biomass and lipid productivity of vegetative cells of C. littorale. C. littorale was grown in a batch-wise nitrogen runout followed by a long nitrogen-depleted phase to stop cell division and to induce lipid accumulation, thus having only vegetative, lipidrich cells. At the end of the nitrogen-depleted phase (15 days, after cell size was stable) cells were sorted in four groups of different diameters: small (5-6 μm), medium (8-9 μm), large (11-14 μm) and a control (5-14 μm). We compared both biomass and lipid productivities of sorted cells of C. littorale with the growth of the parental population. Additionally, we compared the daily differences in cell size distribution, photosystem II quantum yield, autofluorescence and intra-cellular lipid fluorescence. ). Small samples were transferred from agar to 200 ml sterile borosilicate Erlenmeyer flasks, containing 100 ml of sterile growth medium. C. littorale was grown in salt water-like medium with the following composition (g l The sequence of experiments performed in this work is represented in Fig. 1 . After inoculum preparation we set-up a preliminary test to determine the boundaries for the sorting gates based on cell size using fluorescence assisted cell sorting (FACS). The preliminary test was performed before but analogous to the experiment explained in the next section.
Experimental set-up
The experimental set-up was the same for both Pre-sorting and Post-sorting experiments (Fig. 1 ). Experiments were inoculated with an initial OD 750 value of 0.5 (~0.7 g DW l
−1
). The algae were cultivated in 200 ml borosilicate Erlenmeyer flasks (100 ml medium per flask) and kept in an Infors Multitron Pro orbital shaker incubator. Growth conditions were: 25 ± 0.2°C, 120 rpm, 60% humidity, 2% CO 2 enrichment on air, and 120 ± 2 μmol m −2 s −1 continuous light (24 h).
Both experiments had 2 phases: a growth phase (N+) and a nitrogen depleted (N−) phase. During the growth phase nitrogen (N-NO 3 ) was allowed to run-out progressively (at day 5 NO 3 was completely consumed by the cells). After reaching stationary phase, the cultures were diluted 5 × to a biomass concentration of 1.4 ± 0.1 DW g l −1 , in sterile medium without NO 3 − , to allow further light penetration in the culture and enhance lipid production. After dilution, cells were monitored until maximum size was achieved, and was constant for 3 days (after 15 days from start experiment). All daily measurements were done at the same time every day and are described in the following section.
Multiple-cell sorting (3 × 100 cells) was done based on cell size in four groups, at the end of the stationary phase (Fig. 3) . After sorting, cells were re-suspended in 50 ml sterile falcon tubes containing fresh and sterile nitrogen-replete medium into. Cells grew for 2 weeks in the tubes under low light conditions (16 μmol m − 2 s − 1 ). After this, cells were transferred to sterile borosilicate Erlenmeyer's, where Postsorting experiments were conducted under similar conditions as the Pre-sorting experiments and with the same daily measurements. Additionally single-cells were sorted from the same parental population on the same day (Fig. 1) . Fifteen replicates per group of singlesorted cells were taken to increase sample size and to assure reproducibility of Post-sorting results. Single cell sorting was done analogous to and immediately after the multiple-cell sorting. After 18 days of growth under low-light conditions (16 μmol m −2 s − 1 ) the sorted cells were centrifuged at 1224 × g for 10 min, washed with sterile medium and readily analyzed for size and autofluorescence using the FlowCAM® fluid imaging system (settings are presented in the next section). 
Daily measurements
All daily measurements were done at the same time every day. Optical densities were measured on a daily basis using a spectrophotometer (HACH, DR5000) on two different wavelengths: 680 and 750 nm. Samples were diluted within the range of the detection limit (0.1-1 units of OD). OD 750 was used as a proxy for biomass concentration and OD 680 was relative to the chlorophyll fluorescence [16] .
Quantum yield of photosystem II (PSII) -ratio between the number of photons emitted and the number of photons absorbed by the cellswas measured daily with a fluorometer (AquaPen-C AP-C 100, Photon System Instruments, Czech Republic). The measurements were done with cultures at OD 750 values between 0.2-0.4 after a dark period of 10 min at room temperature. The quantum yield was used to infer the photochemical efficiency of the cells. The F v /F m ratio gives the maximum quantum yield of PSII (Eq. (1), [3] ), where F 0 is the minimal level of fluorescence (after dark-acclimation) and F m is the maximum fluorescence after exposing the cells to a pulse of actinic light.
FlowCAM® analyses were performed daily to follow-up the cell's diameter, autofluorescence (chlorophyll fluorescence) and lipiddependent fluorescence (BODIPY 505/515 fluorescence). For FlowCAM® analyses samples were first diluted 100 to 1000 times and then stained for neutral lipids to achieve a final concentration of 0.4 μg/ml of BODIPY 505/515 and 0.35% of ethanol, following the protocol of [9] . After 5 min the samples were run in the FlowCAM® (Fluid Imaging Technologies, Yarmouth, Maine) using the following settings: 20× optical magnification and Trigger-mode-on with channels 1 and 2, autofluorescence (650 nm long pass filter) and BODIPY 505/515 (525/30 filter), respectively. The trigger mode activates the system to take a camera image when a particle produces a fluorescence signal. Diameter (μm), autofluorescence (Ch1) and BODIPY 505/515 fluorescence (Ch2) of each sample were taken for further analyses.
Daily samples were taken for measurement of nitrogen content (N-NO 3 mg l −1 ) in the medium. 1 ml of culture was centrifuged at 13,000 ×g and the supernatant was used for analysis. Nitrogen content was measured daily with the Sulphanilamide N-1-naphthyl method (APHA 4500-NO3-F) using the SEAL AQ2 automatic analyzer.
Cell sorting using FACS
At the end of the nitrogen-depleted phase of the Pre-sorting experiment, a sample was collected and diluted to an OD 750 of approximately 0.3, to keep cell concentration in the flow cytometer at 200 cells/min. The sorting was carried out with a FACScalibur® flow cytometer (BD Biosciences, San Jose, California). FACScalibur® is equipped with an argon ion laser with excitation at 488 nm and in our work the emission at 670LP (FL3 channel) was used, relative to the cells autofluorescence (Chlorophyll-a emission). FL3 channel was read in logarithmic scale and the sensitivity was set at 300 mV while FSC channel was read on linear scale. Cells were collected in sterile 50 ml falcon tubes and sterile PBS was used as sheath fluid (phosphate saline buffer; composition: NaCl 137 mM, KCl 2.7 mM, Na 2 HPO 4 10.0 mM, KH 2 PO 4 1.8 mM).
The sorting was done in two steps: multiple-cell sorting and singlecell sorting. For multiple-cell sorting 100 cells were collected per tube to produce inoculum for the Post-sorting experiments (in triplicate). Subsequently, single-cell sorting was carried-out using the same sample and same machine settings as the multiple-cell sorting (with 15 replicates for each size). After sorting, cells were centrifuged at 1224 × g for 5 min and re-suspended in sterile growth medium (both multiple and single-cell sorting). The tubes with sorted cells were placed under constant light at 16 μmol m − 2 s − 1 , allowing cells to recover for 2 weeks. After the recovery time, triplicates containing 100 cells each were transferred to Erlenmeyer flasks to produce inocula for the Postsorting experiments. The cultures originating from the single-cell sorting experiments were readily analyzed with the FlowCAM® after 18 days of growth in the tubes.
Fatty acid and TAG analysis
Biomass samples were collected at the end of both nitrogen replete (N+) and nitrogen depleted (N−) phases of Pre-and Post-sorting experiments. Biomass was centrifuged twice and washed with MilliQ water (3134 × g for 10 min at 4°C) and followed by freezing at −20°C and freeze-drying for 24 h.
Fatty acid and triacylglycerol's (TAGs) extraction and quantification were performed as described by Breuer et al. [8] , using GC/MS column chromatography of the chloroform fraction of lipids.
Data analysis
Data from FlowCAM and cytometer were exported to Microsoft Excel to be edited and analyzed. For statistical analysis, one-way analysis of variance (ANOVA) was used to access the significance of differences between and among sorted groups (SigmaPlot, v. 12.5). The premises of ANOVA, i.e. the homogeneity of variances and the normality of the data, were also measured with SigmaPlot. A p-value lower than 0.05 was considered significant.
Calculations
The biomass dry weight was used to calculate the growth rate of
where, DW stands for the dry weight of biomass (g l −1
), from the first (t 0 ) and the last time point (t final ) considered. For the growth rate under nitrogen replete conditions (N +) the 5th day of cultivation (d = 5) and the day of inoculation (d = 0) were used as final and initial values, respectively.
The increase in BODIPY cellular fluorescence was used to calculate the BODIPY accumulation rate (BP r ), relating to the increase of cellular neutral lipids in time. The BP r was estimated with a similar approach as used for Eq. (2), only that the values of DW where replaced with the values of BP fluorescence (relative fluorescence units, RFU). The period of time used for calculation was the period between the start (d = 5) and the end (d = 10) of the nitrogen run-out (being d = 0 the inoculation day). This period was chosen because it shows the first increase in intracellular lipid content; hence it is an estimate of the first metabolic response of the intracellular lipid accumulation.
The decrease in photosystem II quantum yield (QY r ) was calculated using an identical approach to the one used in Eq. The volumetric biomass productivity (P X , g l The final TAG volumetric productivity (P TAG , mg l
) was estimated using [Eq. (4)],
where P X is the biomass volumetric productivity calculated above and the TAG (triacylglycerides) content in the biomass (g g −1 ). The P TAG was calculated using the P x and the TAG content from both N out and N− phases.
Results and discussion

Gate set-up to sort cells on size
A preliminary test was done to check 2 assumptions: 1] that the intracellular lipid content is not correlated with the cell diameter and 2] that FACS could be used to sort cells based on cell size. The first assumption is relevant not to include the lipid content as a sorting criteria. As stated in the introduction, we hypothesized that cells with different diameters can have different division rates and we want to evaluate the effect of such differences on lipid productivity. We found no correlation between cell diameter and intracellular lipid-fluorescence, as it can be seen from the R 2 value in Fig. 2 . The preliminary test was done using the same experimental set-up as it was used for the actual experiments ( Fig. 1 and Section 2.2 of methods).
Once the first assumption was checked we used the same sample to do a preliminary sorting test to check the second assumption: can FACS be used to sort cells based on diameter? Cell diameter cannot be directly measured in FACS. However, measurements of the forward light scattering (FSC) of every cell can be used as a proxy for cell size [2, 37] . Although calibration beads are available to convert FSC into diameter [23] , we decided not to use calibration beads due to intrinsic differences in e.g. surface smoothness between the calibration beads and microalgae cells. Furthermore, we worked with size intervals that differed from each other in only 2 μm. Hence we decided not to use calibration beads to convert FSC to cell size, instead we decided to use FSC as a proxy for cell size and to perform a test to confirm the results of the set gates boundaries by measuring the cell size of sorted cells immediately after the sorting (using FlowCAM fluid imaging).
A histogram of FSC was firstly established to show the distribution of size within the population and to identify the different size groups (Fig. 3B) . The information from the histogram (Fig. 3B) was crosschecked with simultaneous plotting of autofluorescence (AF) versus FSC (Fig. 3A) as a positive control for algae cells (to avoid gating non-fluorescent particles). Autofluorescence was used as a proxy for cellular chlorophyll content to confirm the identity of the particles as microalgae cells. We kept the ratio AF/FSC the same for all gates to avoid AF as a second sorting criteria (Small: 1.2, Medium: 1.1, and Large: 1.1). The gates used for sorting were established on the dot-plot shown on Fig. 3A . This approach was important to avoid the inclusion of cell debris, especially for the group containing small cells.
Once the gates were established, as shown in Fig. 3A , the cells were sorted (100 cells per group, in triplicate) and subsequently analyzed for size. The cell size was assessed with the FlowCam imaging, which provides direct measurement of cell diameter (μm) and autofluorescence, supplementing the analysis from FACS. The results from the preliminary test (Fig. 3) confirmed the suitable gate boundaries to sort cells based on size: small (5-6 μm), medium (8-9 μm), large (11-14 μm) and a control including all previous sizes (5-14 μm). Detailed pictures of the cells from all different groups can be found in the supplementary materials (SM1).
Growth of C. littorale before cell sorting
C. littorale was cultivated phototrophically, batch wise in nitrogen replete medium (Pre-sorting experiment). At day 5 the concentration of nitrogen in the medium was zero (Fig. 4A , light gray area marks the 5th day). We kept the cultivation for 5 additional days after nitrogen run-out, until biomass concentration reached its maximum, meaning that the cells had consumed their internal nitrogen pools while finishing to divide (which can also be noticed on the size evolution, Fig. 4C ). At this point, the cultures were diluted in nitrogen depleted medium to increase the light intensity inside the culture necessary to further stimulate lipid accumulation in microalgae [18, 21, 30, 34] (Fig. 4A) , and a consequent increase in size (Fig. 4C) . Table 1 presents the growth rate, biomass and TAG volumetric productivities and fatty-acid and TAG content (%DW biomass). The growth rates and productivities calculated in the present work were used to compare the Pre-sorting with the Post-sorting populations.
In the growth phase we observe that the quantum yield (QY) of photosystem II remained above 0.5, supporting the hypothesis that the cells were not under photochemical stress (Fig. 4A) . The QY is an indicator of stress at values below 0.4 [19, 38] . We can detect a drop in the QY after the nitrogen run-out (light gray area, Fig. 4A ) and a further drop to half of the initial value during the nitrogen depleted phase (dark gray area, Fig. 4A ). Low values of QY are an indirect indication of lipid formation, because under nitrogen stress no biomass can be produced and the photochemical energy is used to produce storage lipids [1] . The experiment was kept until values of QY close to 0 were achieved (Fig. 4A) .
Both autofluorescence and lipid-related fluorescence (BODIPY) were monitored during the experiment. The autofluorescence was stable throughout the experiment, showing only a reduction of 6.8% in autofluorescence from the beginning to the end of the experiment (Fig. 4B) . The autofluorescence is related to the fluorescence of both photosystems in the chloroplast [14] , hence it can be used as a proxy for the chlorophyll content per cell. We can infer that almost no chlorophyll degradation took place, since only a small fraction of autofluorescence was reduced.
Fluorescence of the BODIPY dye was used as a proxy for cellular lipid content [2, 9, 15, 24] . BODIPY 505/515 is a dye used to stain non-polar lipid bodies in microalgae cells [9, 12, 24] . The average BODIPY 505/515 fluorescence per cell is presented in Fig. 4B , where it is possible to see an accumulation of neutral lipids from the moment of nitrogen run-out onward (Day 5). The increase in cellular lipid content is a survival mechanism in most microalgae, which directs the energy converted from photosynthesis to the synthesis of storage lipids in the absence of substrate (nitrogen) to grow [1, 17, 20] .
Single-cell and multiple-cell sorted populations exhibited similar size distribution
Sorting based on cell size took place at the end of the nitrogendepleted phase (d = 25), after vegetative cells had reached their maximum size (As showed in 4C). Size measurements were plotted in a histogram after the regrowth phase (Fig. 5) . The overlap of the curves indicates that, after sorting, cells showed the same behavior as before the sorting. We also measured the distribution of cell diameter in the population originated from sorted single-cells to compare the 4 sorted populations among each other. The comparison of the average cell diameter among the sorted cells showed no statistical difference (Fig. 6, p N 0.05, one-way ANOVA) .
These results were the first evidence that cell size might be an intrinsically regulated phenotypical distribution of C. littorale. Cell cycle studies with Chlamydomonas, a microalgae strain with multiple-fission division as C. littorale, showed that there is a positive correlation between mother cell's sizes and the number of generated daughters [27] . Other authors, however, have shown that cells might divide without doubling their cell volume. Hence, such cells would produce bigger daughter cells, that would generate more and smaller cells in the next division, which is an evolutionary advantage for natural unstable conditions [4] .
3.4.
Cell size showed no effect on the growth dynamics of C. littorale after sorting All sorted populations were grown batch wise in similarity to the Pre-sorting experiment (Fig. 4) in order to be able to compare the Prewith the Post-sorting culture on biomass and lipid productivity. All populations, including the parental population, showed similar growth ( Fig. 7 and Table 1 ).
All four groups showed similar biomass productivities during the nitrogen run-out phase, ranging from 0.32 to 0.35 g l Table 1 ). The lack of statistical difference among the groups confirms the previous results from the size distribution of single cell and multiple-cell sorting's (Figs. 5 and 6). The Post-sorting populations showed, however, a higher value of P x at N out when compared with the Pre-sorting population (P x N out , Table 1 , p b 0.05). The higher P x values from Post-sorting could be a result of the low light acclimation that the cells experienced during recovery (Fig. 1) , before being again cultivated, which is known to increase photosynthetic efficiency, hence, the biomass production [5] . Another observation that could corroborate this effect is the evolution of the photosystem II quantum yield (QY) (Fig. 7) . The QY values dropped at a faster rate in the Pre-sorting experiment when compared with the Post-sorting experiment (Figs. 4 and 7) . The evolution of the QY, however, showed no difference when Post-sorting populations were compared among each other (Fig. 7) . This effect can also be seen with the similar QY decrease rates (QY rate ) between experiments at the end of both N+ and N− phases (from 0.3 to 0.4, Table 1 ). Despite an apparent physiological change possibly due to photoacclimation during nitrogen replete conditions, no difference was observed in the P x among the sorted groups and in comparison with the Pre-sorting population at nitrogen depleted conditions (P x N −, Table 1 ). These results are evidence that cell size of vegetative cells has no effect, as sorting criteria, on biomass productivity.
The evolution of BP fluorescence over time (Fig. 7B) is related to the values of lipid productivity (Table 1 ). All sorted populations showed similar trends among each other (Fig. 7) and when compared to the Pre- Table 1 Growth parameters of C. littorale Pre-and Post-sorting. Growth rate (μ) is presented only for the growth phase (N+) (white area of Figs. 3 and 6 ). Decrease rates of photosystem II (QY r ) are presented for the nitrogen run out period (N out ) and N-depleted phase (N−) (As depicted in Figs. 3 and 6: N out refers to the light gray area while N− refers to the dark gray area). BODIPY accumulation rate (BP r ) is related to the lipid accumulation after nitrogen run-out (N out ). The volumetric productivities of biomass (P X ) and TAG's (P TAG ) and also the total fatty acids and TAGs content (%DW) are presented for both growth phase (N+) and nitrogen depleted phase (N−). Superscript letters (a, b and c) mean statistical significance (ANOVA, p b 0.05). Statistical analysis was carried out to detect differences between the Pre-and Post-sorting experiments. . Such lower values of BP fluorescence match the results of lipid content in biomass: both TAG/total fatty-acids content and TAG productivity (P TAG ) were similar among Post-sorting populations at the end of the N out , but statistically different when compared to the Pre-sorting experiment (Table 1 , ANOVA p b 0.05). An exception was for both TAG/total fatty-acids content and TAG productivity (P TAG ) of large cells (Table 1) , which showed values statistically lower than the other Post-sorted populations and the parental population. However, such differences were not found in the N − phase, indicating that the delay in lipid accumulation was temporary during the N out . These differences may be an effect of the low-light acclimation period the sorted cells went through for 2 weeks before growing under the same conditions as the Pre-sorting experiment (as shown in Fig. 1 ). The photo-acclimation effect is corroborated by the above-mentioned slower decrease in the QY values ( Fig. 7A and Table 1 ). Due to photo-acclimation cells produced more biomass in comparison to the Pre-sorting experiment, which explains the different TAG fluorescence per cell (Fig. 7B ) and the lower TAG content/productivity in biomass (Table 1) in the Post sorting experiment.
These results point to a temporary change in the physiological response of sorted cells, seen in the lower values of BP at the beginning of the nitrogen run-out in comparison with the Pre-sorting experiment (Figs. 4 and 7) . However, the accumulation rate of BP fluorescence (BP r d −1 ) shows that the biological mechanism still responded at the same rates. Likewise, the P TAG at the end of the nitrogen depletion phase (N−) showed no differences among the Post-sorting populations and no difference when compared with the Pre-sorting population (Table 1) . We conclude that sorting vegetative cells of C. littorale according to cellular diameter does not result in differences in biomass and lipid productivity.
Final remarks
We established the gates for cell sorting based on size using the FSC as a proxy for diameter in combination with autofluorescence. A Pre- To assess early differences in cell size distribution we measured cell size from all sorted samples after re-growth (after two weeks recovery, as shown in Fig. 1) . A sample from the growing inoculum (early exponential phase) from the Pre-sorting experiment was also taken for comparison.
sorting experiment was performed including a growth phase (N+), a nitrogen run-out (N out ) and a long nitrogen depleted phase (N−). The N − phase assured that cells stopped dividing, thus resulting only in vegetative cells, and assured that cells only increased their size due to lipid accumulation. Vegetative cells of C. littorale were sorted at the end of the Pre-sorting experiment based on cell size. Both single-cell and multiple-cell sorted populations showed similar size distributions after re-growth. The growth rates and productivities (biomass and lipid) were calculated to compare Pre-and Post-sorting populations.
No difference among Post-sorting populations was detected, however, Post-sorting cells showed a higher value of biomass productivity (P x ) when compared with Pre-sorting cells. This result could be due to the low light acclimation that the cells experienced during recovery after sorting. Nevertheless, no difference was observed in the TAG's productivity (P TAG ) among Post-sorting cells and when compared to Presorting cells at the nitrogen depletion phase. We conclude that cellular size of vegetative cells has no effect on both biomass and lipid productivities of C. littorale.
